The generation of thrombin-antithromin (AT) complex (TAT) or soluble fibrin (SF) was prospectively compared with prothrombin fragment 1 þ 2 (F1 þ 2) generation in patients with disseminated intravascular coagulation (DIC). The plasma levels of TAT, SF, and F1 þ 2 were significantly higher in the DIC group than in the non-DIC group. The differences in these levels between the DIC group and non-DIC group were significantly related to infections and hematopoietic tumors. There were no significant differences in the TAT/F1 þ 2 ratio between DIC and non-DIC patients, but the SF/F1 þ 2 ratio was significantly higher in the DIC group than the non-DIC group. The plasma AT activity was significantly higher in patients with DIC with resolution than in those without resolution, and in survivors than in nonsurvivors. These findings suggest that the ratio of TAT/thrombin is constant between the patients with and without DIC but that the ratio of fibrin formation/thrombin might increase in DIC.
Introduction
Disseminated intravascular coagulation (DIC) is usually associated with hypercoagulable state and/or hyperfibrinolytic state, and therefore results in an organ failure due to thrombosis and/or a bleeding tendency due to hyperfibrinolysis. [1] [2] [3] The main diseases underlying the development of DIC are infections, hematological malignancies, and solid cancers. [1] [2] [3] There are several differences among the pathophysiology of DIC due to these 3 underlying diseases, and the hemostatic abnormalities are also different among patients with the different underlying diseases. [1] [2] [3] [4] The diagnosis of DIC in the present study was performed based on the International Society on Thrombosis and Haemostasis (ISTH) overt-DIC diagnostic criteria using fibrin-related markers such as fibrin and fibrinogen degradation products (FDPs), D-dimer, and soluble fibrin (SF). 1 The elevations of the D-dimer, 5,6 SF, 7, 8 thrombin-antithrombin (AT) complex (TAT) 4, 9 and prothrombin fragment 1 þ 2 (F1 þ 2) 10,11 levels as thrombotic markers have been reported in patients with DIC, and these markers are expected to be useful for the diagnosis of DIC. Although the plasma level of F1 þ 2 is considered to be related to the thrombin generation, the plasma levels of TAT or SF may not absolutely reflect the generation of thrombin. Indeed, the plasma level of D-dimer is affected by fibrinolysis, and the plasma level of TAT may not be sufficiently increased in patients with decreased AT levels that are observed in case of DIC due to sepsis. 12, 13 In this study, the plasma levels of F1 þ 2, D-dimer, and SF were prospectively examined in 522 patients with infections, solid cancers, or hematopoietic tumors, and the ratio of TAT/ F1 þ 2 and SF/F1 þ 2 was evaluated as diagnostic or prognostic markers for DIC.
Materials and Methods
A total of 522 patients in 9 institutes with underlying disorders known to be associated with DIC were registered for this prospective study on the diagnostic criteria for DIC between January 1, 2005 and May 31, 2008. The study protocol was approved by the Human Ethics Review Committee of the Mie University School of Medicine and a signed consent form was obtained from each participant. This study has been faithfully carried out in accordance with the Declaration of Helsinki. The inclusion criteria were based on the presence of one or more of the following laboratory findings: a platelet count of less than 120 Â 10 3 per mL; FDP of more than 10 mg/mL; fibrinogen of less than 100 mg/dL; and a prothrombin (PT) ratio of over 1.25. All patients with symptoms associated with thrombotic thrombocytopenic purpura or heparin-induced thrombocytopenia, antiphospholipid antibody syndrome, or with severe liver injuries were excluded from this study. The DIC was diagnosed using the ISTH overt-DIC diagnostic criteria. 1 The treatment for DIC 14 including AT, heparin, low-molecular-weight heparin, gabexate mesilate, nafamostat mesilate, or danaparoid sodium were administered under the observation of the individual physicians after blood sampling was obtained at registration. The patients who were alive 28 days after the registration were considered to be survivors and those who had died within 28 days were considered to be nonsurvivors.
The PT, fibrinogen and FDP levels, and the platelet count were measured at each of the institutes based on the methods reported in numerous previous studies. 6, 7, 15 The FDP assay at each institute correlated well with the LPIA FDP (Mitsubishi Chemical Medience Corporation, Tokyo, Japan). The plasma levels of SF, D-dimer, TAT, F1 þ 2, and AT activity were measured in a central research laboratory, SRL Inc (Tokyo, Japan). The plasma levels of SF 7 and D-dimer were measured by a latex immune agglutination test using an Auto LIA FM (Roche Diagnostics, Tokyo, Japan) and the LATECLE D-dimer (Kainos, Tokyo, Japan) kits, respectively. The plasma levels of TAT and F1 þ 2 were measured using an enzyme-linked immunoassay using a TAT [S] (TFB, Tokyo, Japan) and an Enzygnost F1 þ 2 monoclonal (Siemens, Tokyo, Japan), respectively. The plasma AT activity was measured as the heparin cofactor activity using a Testchyme S ATIII kit (Sekisui Medical, Tokyo, Japan).
Statistical Analysis
The data are expressed as the medians (95% confidence interval). The differences between the groups were examined for statistical significance using the Mann-Whitney U test. A P < .05 was considered to be statistically significant. All statistical analyses were performed using the SPSS II software package (SPSS Inc, Japan, Tokyo).
Results
Of the 522 patients, 66 patients (26 females and 40 males) with infections, 48 (19 females and 29 males) with solid cancers, and 63 (27 females and 36 males) with hematopoietic tumors were diagnosed to have DIC. In all patients, the plasma levels of TAT, SF, and F1 þ 2 were significantly higher (P < .001, respectively) in the DIC group than in the non-DIC group. In terms of the underlying diseases, the differences in the TAT, SF, and F1 þ 2 levels between the DIC group and non-DIC group were significant in both patients with infections and those with hematopoietic tumors (P < .001, respectively), but the difference in the SF level was not significant for patients with solid cancer ( Table 1 and Figure 1 ). The plasma AT activity was significantly lower in all patients with DIC than in those without DIC (P < .05). In all patients with infections and solid cancers, there were no significant differences in the TAT/F1 þ 2 ratio between the DIC and non-DIC patients. However, the SF/F1 þ 2 ratio was significantly higher in the DIC group than in the non-DIC group in all patients, patients with infections and those with hematopoietic tumors (P < .001, Table  2 and Figure 2 ). Especially, in those with infections, the ratio of TAT/SF was significantly lower in the DIC group than in the non-DIC group (P < .001). Treatment resulted in a resolution of DIC in 62% of patients 2 weeks after registration, and 68% of DIC patients survived at 28 days after registration. The resolution rate after 2 weeks and survival rate after 28 days were 47.0% and 56.1% in infectious diseases, 62.5% and 70.8% in solid cancer, and 77.8% and 77.8% in hematological tumors, respectively. The plasma AT activity was significantly higher in patients with DIC with resolution than in those without resolution (P < .001, Table 3 ) and in survivor than in nonsurvivor (P < .001, Table 4 ).
Discussion
This study could not avoid some bias from the physicians. The entry criteria made it easy to avoid a bias, many patients without severe hemostatic abnormalities were registered. Although the frequency of DIC was not very high, the number of DIC patients was sufficient for the analysis. The female/male ratio in the underlying diseases of DIC tended to be less than 1.0. Although the ratio in DIC was also less than 1.0, the ratio did not rise in DIC. These findings do not suggest any relationship between gender and DIC. In all our patients, the plasma levels of TAT, SF, and F1 þ 2 were significantly higher in the DIC group than in the non-DIC group, suggesting that these markers are useful for the diagnosis of DIC, as indicated in previous reports. [5] [6] [7] [8] [9] [10] In terms of the underlying diseases, the difference in the plasma levels of these markers between the DIC group and non-DIC group was more significant in patients with infections and hematopoietic tumors than in those with solid cancer, suggesting that patients with solid cancer without DIC might still be hypercoagulable similar to DIC. [4] [5] [6] 15 Therefore, it is difficult to diagnose DIC in patients with solid cancers using the sensitive markers. The SF levels are affected by thrombosis, 14 so this marker may not be able to differentiate between patients with mild DIC and those without DIC. We also found that the plasma AT activity was significantly lower in all patients with DIC than in those without DIC, as indicated in previous reports. 16, 17 It is also considered that the plasma TAT level may not be sufficiently increased in patients with DIC with decreased AT activity, making a diagnosis difficult using this marker.
In this study, the ratio of TAT/F1 þ 2 or SF/F1 þ 2 was calculated to determine the ratio of TAT or SF generation to the generation of thrombin. There were no significant differences in the TAT/F1 þ 2 ratios between DIC and non-DIC patients, but the SF/F1 þ 2 ratio was significantly higher in the DIC group than in the non-DIC group, suggesting that the ratio of TAT formation/thrombin generation is constant, regardless of the various thrombin generation states in patients with DIC and that the ratio of SF generation/thrombin generation is markedly increased in patients with DIC. The ratio of TAT formation/thrombin generation may be affected by the AT concentration. Of note, the molecular weight of SF is more than 10-fold higher than that of TAT or F1 þ 2, and the plasma concentration of SF in the DIC patients is more than 100-fold higher than the TAT level. Therefore, the molar concentration of SF is about 10-fold higher than that of TAT, indicating that the inhibition of thrombin by AT is not sufficient in patients with DIC. The ratio of TAT/SF was significantly lower in the DIC group than in the non-DIC group, especially in patients with infections, suggesting that the SF generation was markedly higher than the TAT generation in infectious DIC. The half-life of TAT is significantly shorter than that of SF, suggesting that the early and more rapid metabolism of TAT may cause the decrease in TAT concentration.
No significant differences in the plasma levels of TAT, SF, F1 þ 2, the TAT/F1 þ 2 ratio, the SF/F1 þ 2 ratio, and the 
